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Collaborative Tool for Command and Control Team Effectiveness Studies: Experimental Test of Interventions to Improve Performance in Command and Control
List of Tables   Table 1: Collaboration Tools and Team Processes  6 Results: As shown in the poster at Attachment 2, knowledge structures did change as a result of playing the Airstrike game. Additionally, post-training knowledge structures were significantly more coherent compared to pre-training knowledge structures (p < .05). Cadet knowledge structures also were more similar to referent structures obtained from SMEs. For a more thorough explanation of how knowledge structures are used to assess learning and how to interpret data such as above, please see the results section in the document that follows the report. Discussion: Thus, Airstrike Gaming Technology is a potentially effective way to provide familiarization training to future AOC Operators. SMEs thought this game might be helpful for trainees to think at the operational-level of warfare.
Collaboration Mediums, Team Performance, & Efficacy Perceptions
Background: In today's Air Force, the practice of distributed mission operations (DMO) requires teams to plan and execute complex missions even though they are unable to meet face to face. Many times these groups utilize synchronous and asynchronous communications to plan and execute missions.
Method:
This study examines the impact of synchronous and asynchronous communications on team performance in the planning and execution of a mission. The study involved 2 x 2 mixed-factors ANOVA with a between-subjects factor of communication mode (2 levels) and a within-subjects factor of task (each group was measured twice). Groups in all conditions were given 15 minutes to plan for a team performance task with provided materials. They were then given 5 minutes to complete a team development survey. Then the groups were given 2 minutes to execute the team performance task and objective team performance metrics were measured. After a 10 minute break, the teams reconvened and were given another 15 minutes to plan a new design focusing on a similar, yet more difficult, team performance task. After planning, they were given 5 minutes to take another team development survey followed by a 2 minute execution phase. Background: The Air and Space Operations Center (AOC) is the senior command and control (C2) node in the USAF Theater Air Control System. Consisting of a number of divisions, each comprised of multiple teams, the AOC provides operational level C2 of air and space forces as the focal point for planning, directing, and assessing air and space operations. Personnel assigned to the AOC are responsible for managing hundreds of aircraft and ground assets every day of an operation. Individuals working in an AOC must be well-trained, versed in military doctrine, and have a "big-picture" viewpoint of the given operation.
As complexity continues to grow in today's war-fighting techniques, commanders and C2 operators in AOCs increasingly rely on technology to provide situational awareness. Specifically, researchers claim that "in the future, if soldiers are to function in a distributed fashion they will need collaborative tools and systems to exchange information and most importantly Situation Awareness (SA)" (Bolstad & Endsley, 2005) . A common operating picture (COP) is one example of how a commander can maintain SA of the battlefield. The COP is used to track air, ground, and naval assets in an Area of Responsibility (AOR) while simultaneously performing intelligence, reconnaissance, and surveillance missions. The COP, in general, is a fairly new utility for the military and consequently has limited research available. The concept, however, is undergoing implementation across each branch of United States military service. For example, the Air Force uses a blue force tracker device to monitor the location of other airplanes, the Navy uses a COP to monitor the location of other ships, and the Army is implementing a COP in order to monitor friendly and foe forces on the ground within a given set of coordinates.
The purpose of the COP is to create a "single identical display of relevant information shared by more than one commander" (Pendall, 2005) . In doing so, the COP acts as a method of communication that relays information to interested parties within the AOC. Furthermore, the COP provides a level of situational awareness because the display shows the location of specifically defined objects (e.g. friendly aircraft, enemy aircraft, etc). Pendall also claimed that the COP offers an increased understanding about the target, which allows for a "faster decision cycle at all levels of command." Although there are many positive aspects of the COP, there is the potential to rely too heavily on the display and focus more on planning reactively instead of proactively.
In addition to the COP, two important communication devices include face-to-face communication and chatting/instant messaging. As inferred from the name, face-to-face communication takes place between two or more people at the same location. There is no barrier to tone, expression, and other verbal communication characteristics. Chatting or instant messaging, on the other hand, is simply an exchange of words that occurs among technological devices. Chatting is severely limited in its ability as a communication device because no tone, expression, pictures, or lengthy messages can be shared.
The COP, face-to-face communication and chatting make up a set of collaboration tools which are used to "facilitate the communication and exchange of information among team members who are working together to complete a shared task" (Bolstad & Endsley, 2001) . Among the three collaboration methods, each provide different levels of situational awareness (SA). The following chart developed by Bolstad and Endsley (2001) convey how specific collaboration tools aid team processes and provide different levels of shared situational awareness. 
The experiment was a between-subjects design. Participants in the study were divided into three groups and completed the same Command and Control task, each group using a different communication device. Our task was designed to require coordination, collaboration and action from both team members to achieve success. The first group performed a task using face-to-face communication (no COP or chat). The second group used an instant messaging program for team communication. Lastly, the third group used a Common Operating Picture (SMARTboard) for team coordination and communication.
The team members in the second and third conditions were set-up in different rooms to prevent the use of face-to-face communication while using the COP or chatting devices. 36 cadets were used for this study. 12 cadets were assigned to each of the before mentioned groups, where each condition had 6 teams of 2 cadets each. Performance measures were captured from the game. We collected data from each of the items in this window.
Figure 2 Data Collection Window
Results: Teams that used a COP on the SMARTboard performed significantly better in many categories compared to the other two groups (p < .05). Text and face-to-face communication showed no differences in performance. In fact, cadets were very comfortable using chat to communicate during the scenario; this skill will likely transfer well to AOCs where chat is a primary means of communication. Discussion: COPs are indeed an effective way to display crucial information for team performance. Even in the absence of other communication methods, the COP was still the most successful method of collaboration. Clearly, the ability to include spatial information (i.e., a map with aircraft labels, directions and capabilities) in addition to verbal input helped groups perform well.
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IV. Final Results:
The results were provided to the Air Force Research Laboratory, Warfighter Readiness Research Division in Mesa, AZ. Additionally, cadets were able to participate in two conferences. Please see conference report at Attachment 3.
V. Future Studies
New researchers in the Department of Behavioral Sciences & Leadership plan to test the SMARTboard in the classroom. Additionally, results still unpublished from this study could be given at various conferences early next year.
VI. References
Barger, A., Kemp, K., Tossell, C. (2007) . 
Survey
Please rate the relevance of each of the following concepts using the scale below. Please provide a rating for each cell (no blanks please).
0=
The concepts have nothing to do with each other 1= The concepts have very little in common and are only slightly related 2=The concepts have one or two things in common but are still fairly separate 3=The concepts have some things in common and are moderately related to each other 4=The concepts have several things in common and are related 5=The concepts have a lot of things in common and are extremely related 
